Prompted by the observation that many pyrazole derivatives are used as herbicides, a small combinatorial library containing pyrazolylpyrazoles and pyrazolo[1,5-a]pyrimidines was synthesized by traditional organic synthesis and parallel-liquid-phase combinatorial synthesis. The structures of compounds were confirmed by 1 H NMR, LC and elemental analysis.
Introduction
Combinatorial chemistry is widely used in pharmaceutical research as a powerful tool for fast identification of novel therapeutic agents in drug discovery. Liquid phase synthesis is a methodology where all reactions are carried out in their own separate reaction vessels. It is a typical parallel synthesis and it is suitable for almost all kinds of reactions in a relatively large scale. In this field, multicomponent condensation reactions have been utilized very efficiently in conjugation with combinatorial chemistry to prepare large collections of molecules in a short reaction sequence.
Heterocyclic compounds represent an important class of biologically active molecules. Specifically, those containing the pyrazole nucleus have been shown to possess high biological activities as herbicides, fungicides, analgesics, etc. Herbicidally active pyrazolylpyrazoles have been reported previously. 1 Pyrazolo [1,5-a] pyrimidines are good inhibitors of KDR kinase. 2 This article describes a small combinatorial library containing pyrazolylpyrazoles and pyrazolo [1,5-a] pyrimidines synthesized by traditional organic synthesis and by parallel-liquidphase combinatorial synthesis (Scheme 1). 
Results and Discussion
A building block for many of the compounds was 5-amino-1H-pyrazole (2), which was obtained by treating substituted acrylonitrile (1) with one equivalent of hydrazine hydrate in ethanol and tetrahydrofuran at room temperature. 3 With increasing the amount of hydrazine hydrate used, a few byproducts, such as carbohydrazides, occurred in the reaction. Therefore, increasing the amount of hydrazine hydrate was harmful to the reaction. Cyclization of 2 with bifunction compounds in glacial acetic acid gave the desired pyrazolo[1,5-a]pyrimidines of general formula 4, which might result in the production of two positional isomers (Scheme 2).
2,4
The diazonium salt of 2 was achieved by the diazotization of the appropriate pyrazolylamine 2 in a solution of hydrochloric acid with a saturated solution of sodium nitrite in water for 1 h. Then the diazonium salt was reduced with sodium sulfite to achieve corresponding pyrazole hydrazine salt 3 which was used in the next reaction without further purification. 5 From the key intermediate 3 the 1H-pyrazolylpyrazoles of general formula 5 were prepared by cyclocondensation with one equivalent of the appropriate bifunctional compounds like diketos, substituted acrylonitrile, etc. [6] [7] [8] The synthetic pathway allowed the formation of a mixture of two isomers that were not separated (Scheme 3).
1-Substituted-pyrazolylpyrazoles of general formula 6 were obtained by a further substitution of compounds 5. N-substitution in the pyrazole ring showed different results depending on the groups in other positions, so there might be 2~4 isomers in one reaction (Scheme 4). 9, 10 To rapidly generate substituted pyrazoles with multiplicity of structures and discover the structure-activity relationships of pyrazole derivates, we chose to consider position isomers as groups. In this work, 30 daughter-libraries containing 70 compounds in total were obtained.
The existence of isomers was reflected in the 1 H NMR spectra of the products. The isomers of compounds showed similar analytical and 1 H NMR spectroscopic data where many of the hydrogen signals appeared in pairs, which confirmed the structures of the isomeric pyrazole derivatives. The existence of isomers was also confirmed by GCD (Gas Chromatography Directory) and liquid chromatogram. Yields, number of isomers, 1 H NMR spectral data and elemental analyses of compounds 4, 5
and 6 are given in Table 1 
Experimental Section
General Procedures. Melting points were taken on a Yanaco-241 melting point apparatus and are uncorrected. The elemental analyses were done with Yanaco MT-3CHN apparatus. Proton magnetic resonance spectra were measured on a Bruker AC-P200 or Mercury-300BB instrument from solution in deuteriochloroform (CDCl 3 ) with tetramethylsilane (TMS) as the internal reference standard. Chemical shifts are reported as δ-values in ppm downfield from TMS (δ TMS = 0 ppm). Thin-layer chromatography (TLC) was carried out using precoated silica gel GF254 (10~40µ) plates. Spots were visualized with a UV handlamp. Infrared (IR) spectra were recorded on an EQUINOX55 instrument. All samples were run as a thin film on potassium bromide plates. Absorption maxima were recorded in wave numbers (cm -1 ). Electron impact (E.I.) mass spectra were recorded on a VG ZAB-HS instrument.
5-Amino-1H-pyrazole (2).
Compound 1 reacted with equimolecular hydrazine hydrate in ethanol and tetrahydrofuran at room temperature until the raw material disappeared from the TLC. The solvent was removed under reduced pressure and the product, 2 obtained was recrystallized from propan-2-ol. Pyrazole hydrazine salt (3). 5-Amino-1H-pyrazole 2 (0.58 mmol) was dissolved in concentrated hydrochloric acid, and sodium nitrite (0.66 mmol) in water was added dropwise at 0 ºC. The mixture was stirred for 2 h at 0 ºC to achieve the corresponding diazonium salt of 2.
The pyrazolyldiazonium salt was added to a solution of saturated aqueous Na 2 SO 3 . After stirring at room temperature for 2 h, the reaction mixture was heated to 70 ºC, and then acidified using concentrated hydrochloric acid and adjusted at pH 2. The reaction mixture was stirred at this temperature for additional 4 h. The resulting precipitate 3 was filtered off and used in the next reaction without further purification.
Substituted pyrazolo[1,5-a]pyrimidines (4).
A solution of 2 in acetic acid was refluxed with equimolar bifunctional compound for 5 h. After completion of the reaction, the solution was poured into ice-water. The white solid formed was filtered, and purified by crystallization from acetone.
1-H Pyrazolylpyrazoles (5).
A solution of compound 3 (1.0 mmol), bifunctional compound (1 mmol) and potassium carbonate (1.0 mmol) in ethanol was refluxed for 5 h. The reaction mixture was evaporated to dryness under reduced pressure. Trituration of residue with ethanol gave 5.
1-Substituted pyrazolylpyrazoles (6).
To a solution of compounds 5 (0.36 mmol) and potassium carbonate (0.36 mmol) in 7 ml of acetone, substituted regent, such as CH 3 I (0.43 mmol) in 3 ml of acetone was added dropwise at room temperature and the mixture was stirred over night at the same temperature. When the reaction was completed, the solvent was removed in vacuo and the residue was washed with water. Crude product was obtained without further purification in high yield.
